This paper shows the possibilities of using low-cost photogrammetry for interior mapping as a tool to gather fast and accurate data for 3D modelling and BIM. To create a 3D model of a building interior with a high level of detail requires techniques such as laser scanning and photogrammetry. In the case of photogrammetry, it is possible to use standard cameras and SfM softwar e to create an accurate point cloud which can be used for 3D modelling and then for BIM. The images captured indoor are often captured under lower light conditions. Using different exposure during capturing of images of building interior was tested. Freque nt plain walls of a building interior cause that the images are usually lack of any features and their photogrammetric processing is getting mu ch more difficult. In some cases, results of photogrammetric processing are poor and inaccurate. In this paper, a n experiment of creating a 3D model of a building interior using photogrammetric processing of images was carried out. For this experiment di gital camera with two different lenses (16 mm lens and fisheye lens) was used. For photogrammetric processing were chosen different software. All the results were compared to each other and to the laser scanning data of the interior. At t he end of the paper, the discussion of the advantages and disadvantages of the shown method has been made.
INTRODUCTION
3D modelling of already constructed objects is getting to be more and more important due to the increasing number of inquiries for Building Information Modelling (BIM). Laser scanning is a sufficient and reliable tool for obtaining point cloud for following 3D modelling. In this paper, Leica BLK 360 laser scanner was used, because it is a device which offers suitable and reliable results (Luhman, 2019) . Photogrammetry, mainly SfM (Structure from Motion), is an alternative to laser scanning in point cloud generation. In the case of interior mapping, the problem with low or non-textured parts of object e.g. plain walls and possibly low light conditions makes photogrammetric processing much more difficult. In this paper, an experiment of interior mapping has been carried out. As a test object a room of a family house has been chosen. The room with plain white walls and few glossy objects which are considered as a negative factor for SfM processing was chosen on purpose. The room was surveyed with a total station and with the laser scanner Leica BLK 360. For photogrammetric processing, images were captured by mirrorless camera SONY alpha a6000. It is possible to consider a room as a narrow object, where fisheye lens for imaging is suitable to use (Perfetti, 2017) (Marčiš, 2016) . The captured images were processed in SfM software. Agisoft Photoscan has been chosen as a commercial alternative based on SfM and photogrammetric software MicMac has been chosen as an opensource low-cost alternative, also based on SfM. The ability of 3D modelling from point cloud created with photogrammetric processing based on SfM was tested. Parameters of the final 3D model were compared to the measurement with the total station and to the point cloud obtained by the laser scanner. At the end of the paper, discussion about the advantages and disadvantages of tested methods including factors as accuracy, user-friendliness, the time cost is part of the paper.
Test object
As a test object, a room of a family house has been chosen. The room was chosen on purpose to simulate difficult conditions. The walls of the room are white and plain without any texture. There is a glossy wardrobe, glossy table, a large mirror in the room, glass door and lots of high flowers set in the room corners. All these factors potentially make photogrammetric processing based on SfM much more difficult. The room has also three windows, one door, a wooden floor and a plain ceiling with chandeliers made from metal.
Figure 1. Test room
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SURVEYING OF THE TEST OBJECT

Camera, lenses and laser scanner
For capturing images has been chosen digital mirrorless camera SONY alpha a6000 with original lens (16 mm focal length) and Samyang fisheye lens (8 mm focal length) suitable for imaging of narrow places as this room could be considered. For laser scanning Leica BLK 360 was used. Leica BLK 360 is a relatively small and easy-to-use laser scanner that is operated by a tablet connected via Wi-Fi to the laser scanner.
Surveying
First of all, coded targets and black-and-white targets were equally distributed around the room. There were used 10 12-bit coded targets, 5 used as control points and 5 used as check points. 8 black-and-white targets were placed for laser scanning. Those targets were measured with total station Topcon DS Series from a single station. After measuring the targets, corners of the room, the height of the floor, the height of the ceiling and windows were measured as well. Then the room has been surveyed with laser scanner Leica BLK 360. Capturing of images with 16 mm lens has been carried out during midday daylight without artificial lighting. The capturing scenario was set to follow the official recommendation of Agisoft Photoscan manual but because of all the furniture and other objects, it was not ideally possible. For each window, extra images were captured. In total, 90 images have been captured. Capturing of images with fisheye lens were carried out immediately after. Due to the wide field of view was not necessary to capture too many images. 35 images have been captured with fisheye lens. The idea was to not capture too many images to make imaging as fast as possible and to cut the time cost down. For both groups of images (16 mm lens and fisheye lens), the manual focusing was fixed and f-number was set high to obtain a large depth of field. Even though the capturing of images has been carried out during the midday daylight, the room was relatively dark. This has been reduced by increasing exposure time. Because of that, tripod for the camera must have been used and capturing the scene took then longer.
PHOTOGRAMMETRIC PROCESSING
For photogrammetric processing was used software based on SfM. There were chosen two alternativescommercial software and opensource. In each software two groups of images (16mm original lens and fisheye) have been processed separately. The goal of the processing was to create a dense accurate point cloud that could be then used for proper and easy 3D modelling of the room.
Processing in Agisoft Photoscan
As a commercial alternative of photogrammetric software based on SfM, Agisoft Photoscan (in version 1.4.3.6488) has been used. Following workflow of processing images was used.
1. Align Photos 2. Detecting Markers 3. Optimize Camera 4. Build Dense Cloud
Using Align Photos, the relative orientation of all the images was computed. All the images of both groups were co-registered. In total, 61855 tie points were computed for a group of photos captured with 16 mm lens and 12263 tie points were computed for group of images captured with fisheye lens. The lower number of tie points computed from fisheye lens images could be caused by lower number of images. Most of the tie points were on furniture in the room, on flowers and on the floor. Some of them were even on metal chandeliers. After computing relative orientation, photogrammetric targets were automatically detected on images and 5 of them were used for absolute orientation and bundle adjustment of the model. 5 of them were left for an accuracy check. Total RMSE of control points was 0,002 m for group of images captured with 16 mm lens and 0,001 m for group of images captured with fisheye lens. Total RMSE of check points was 0,006 m for group of images captured with 16 mm lens and 0,002 m for group of images captured with fisheye lens.
X
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Processing in MicMac
MicMac is a free and opensource photogrammetric tool based on SfM and developed at the National Institute of Geographic and Forestry Information (IGN) and ENSG (French national school for geographic sciences). MicMac is controlled through the command line and is suitable for different kinds of application. For the processing in this paper, MicMac v1.0.beta13 was used. Photogrammetric workflow for creating point cloud is: Absolute orientation was computed after manual marking of targets by GCPBascule and Campari commands. 5 of the points were used as control points and total RMSE of control points after absolute orientation was 0,002 m for group of images captured with 16 mm lens and 0,001 m for group of images captured with fisheye lens. After commands GCPBascule and Campari, 5 checked points were measured, and the coordinates were compared to the coordinates measured with the total station. For group of images captured with 16 mm lens total RMSE of the check points was 0,003 m and 0,002 m for the group of images captured with fisheye lens.
X Error
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RESULTS
The results of photogrammetric processing in Agisoft Photoscan were point clouds that were analysed if it is possible to use the point clouds for following 3D modelling and if the method is comparable to laser scanning with Leica BLK 360. The resulted point clouds from photogrammetric processing in MicMac were not sufficient to use for modelling of the room and were not in the following experiment used.
Comparison to ideal planes
3D model of the room was created from points measured by the total station. The walls, floor and ceiling were considered as ideal planes and the point clouds from photogrammetric processing were compared to the 3D model in Cloud Compare software. First of all, point clouds were manually filtered into three parts. To the first part belonged points which obviously represented walls of the room. The second part belonged to the points which represented the floor and points of the third part represented the ceiling of the room. The following graphs show that the average value of the set of distances in the parts of the floor and walls is under 0.01 m from the model of ideal planes for both group of images. In the case of point cloud which represents wall, standard deviation of set of distances is much higher compared to the standard deviation of distances computed from point cloud which represents floor. The point cloud of the ceiling is much noisier and in this case, point cloud created from images captured with fisheye lens in comparison to the model of ceiling has lower mean and lower standard deviation then point cloud created from images captured with 16 mm lens in comparison to the model of the ceiling. Table 9 . Statistical values of set of distances for ceiling.
Test of modelling
Resulted point clouds from photogrammetric processing from Agisoft Photoscan were tested in a matter of possibility of using these point clouds for 3D modelling. Point cloud created by laser scanner Leica BLK 360 was taken into account as well. A slice of the point clouds was created. The slice was 0.20 m thick and cut the point clouds horizontally. If the slice was thinner it was not possible to detect the position of the wall properly on point cloud created photogrammetrically. Point cloud created with BLK 360 could be investigated with a thinner slice. For both cases (16 mm lens and fisheye lens) was not a problem to determine the course of the wall. Using both point clouds created in Agisoft Photoscan and point cloud created with laser scanner Leica BLK 360 were created 3D models. Comparison of parameters of the model has been made. Among the tested parameters were lengths of chosen walls, width of all three windows and height of the ceiling. As reference values were taken values from measurement with the total station which were used also for modelling the ideal planes. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-5/W3, 2019 Capacity Building and Education Outreach in Advanced Geospatial Technologies and Land Management, 10-11 December 2019, Dhulikhel, Nepal The average difference was computed as a mean value of set of absolute values of differences. The comparison showed that parameters of created model from point cloud by Leica BLK 360 are in average difference 0,005 m. The highest difference 0,009 m is in length number 4. The comparison showed a difference between modelling from point cloud created by photogrammetric processing of images captured with 16 mm lens and fisheye lens. Lower differences were shown in parameters at model created from point cloud created from 16 mm lens images. Average difference was 0,010 m. The highest difference was 0,023 m. Parameters of model created from fisheye lens images differ more. The average difference was 0,033 m and even in width of one window the difference was 0,084 m which shows unreliability.
CONCLUSION
Interior mapping for 3D modelling and BIM could be carried out by laser scanner. Photogrammetry and SfM could be an alternative for laser scanning in terms of interior mapping. In interiors of buildings there are many factors that can negatively affect photogrammetric processing. One of those factors can be lack of texture on plain walls of interior or lots of glossy and shiny objects. Also, lighting condition is usually darker than outside of the building and proper exposure must be set for every room of building interior which takes time. Capturing of images on tripod with long exposure also increases the time of surveying the interior. This paper showed if photogrammetry is a comparable alternative to laser scanning for interior mapping under unpleasant mentioned conditions. For testing, the room of a family house has been chosen. The room was measured by the total station and was surveyed also with laser scanner Leica 360 BLK. Images were captured by the mirrorless camera with two different lenses (16 mm original lens and fisheye lens). The images were processed in two different software. Agisoft Photoscan was chosen as a commercial alternative and MicMac was chosen as an opensource alternative. Relative orientation of two groups of images (16mm and fisheye) was successful and accuracy check on checkpoints showed that the orientation is relatively accurate. Total RMSE of check points were not higher than 0,006 m. This shows that it is possible to expect good results during discrete measuring of points. For faster 3D modelling of the room it is necessary to compute point cloud. Point clouds created with MicMac were very thin and it was obvious at first sight that it is not possible to create 3D model from those point clouds. On the other hand, commercial software Agisoft Photoscan created relatively dense point cloud from both sets of images (16 mm and fisheye). Different parts of the point clouds (walls, floor, ceiling) were compared to the 3D model composed of ideal planes. At the part of floor, both point clouds had the lowest standard deviation. The part of ceiling was the most inaccurate and contained a lot of noise. At the part of walls, means of all distances were under 0,01 m but the standard deviations were under 0,06 m. Both point clouds (16 mm and fisheye) were tested with point cloud created by Leica BLK 360 if it is possible to create accurately 3D model based on them. The test was carried out by testing on chosen parameters of the resulted 3D model. Different lengths, widths and high were tested and compared to the measurement by total station. Parameters from model created from point cloud by Leica BLK scanner were most accurate to the model from measurement by total station. The average value of absolute values of differences was 0,005 m and the highest difference was 0,01 m. 3D model created from images captured by 16 mm lens was more accurate to the 3D model created from measurement by total station then 3D model from point cloud created by fisheye images. The average value of absolute values of differences was 0,010 m and the highest difference was 0,023 but the parameters of 3D model from point cloud created from fisheye images differed in average 0,033 m and the highest difference was 0,084 m. This could be also caused by the lower number of images captured with fisheye lens. Even though differences of parameters of 3D model created from point cloud from images by 16 mm lens were under certain tolerance, the testing showed the unreliability of the method. Also, the time cost should be considered. Time for capturing of the images is comparable to the time of the scanning with Leica BLK 360. The scanning itself with Leica BLK 360 is user-friendly, the scanner is light and operated just with one button. The resulted point cloud of laser scanner is denser and more reliable for 3D modelling. Time for photogrammetric processing is much higher than for processing of laser scanning data. The point clouds from photogrammetric processing were noisy in parts with lack of texture and creating 3D model was more difficult which increased time cost as well.
